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(54) Interbody fusion device and method for restoration of normal spinal anatomy 

(57) An interbody fusion device in one embodiment 
includes a tapered body defining a hollow interior for re- 
ceiving borje graft or bone substitute material. The body 
defirjies exterior threads which are interrupted over por- 
tions of the outer surface of the device. The fusion de- 
vice defines truncated side walls so that on end view the 
body takes on a cylindrical form. The side walls are pro- 
vided with vascularization openings, and the body wall 
device includes opposite bone ingrowth slots extending 
through the interrupted thread portion of the body. In an- 
other embodiment, the tapered body is solid and formed 
of a porous biocompatible material having sufficient 
structural integrity to maintain the intradiscal space and 
normal curvature. The material Is preferably a porous 
tantalum having fully interconnected pores to facilitate 
complete bone tissue ingrowtli into the implant. An im- 
plant driver is provided which engages the truncated 
side walls to complete the cylindrical form of the implant 
at the root diameter of the interrupted threads, to thereby 
facilitate threaded insertion of the implant to the intradis- 
cal space between adjacent vertebrae. Methods for pos- 
terior and anterior insertion of the fusion device are also 
disclosed. 
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Description 

BACKGROUND OF THE INVENTION 

The present application is a continuation-in-part of 
co-pending application, SN 08/411.017, having the 
same title and named inventors, filed on March 27, 
1995. 

The present invention relates to an artificial implant 
to be placed into the intervertebral space left after the 
removal of a damaged spinal disc. Specifically, the in- 
vention concerns an implant that facilitates arthrodesis 
or fusion between adjacent vertebrae while also main- 
taining or restoring the normal spinal anatomy at the par- 
ticular vertebral level. 

The number of spinal surgeries to correct the caus- 
es of low back pain has steadily Increased over the last 
several years. Most often, low back pain originates from 
damage or defects in the spinal disc between adjacent 
vertebrae. The disc can be herniated or can be suffering 
from a variety of degenerative conditions, so that in ei- 
ther case the anatomical function of the spinal disc is 
disrupted. The most prevalent surgical treatment for 
these types of conditions has been to fuse the two ver- 
tebrae surrounding the affected disc. In most cases, the 
entire disc will be removed, except for the annulus, by 
way of a discectomy procedure. Since the damaged disc 
material has been removed, something must be posi- 
tioned within the intradiscal space, otherwise the space 
may collapse resulting in damage to the nerves extend- 
ing along the spinal column. 

In order to prevent this disc space collapse, the in- 
tradiscal space is filled with bone or a bone substitute 
in order to fuse the two adjacent vertebrae together. In 
early techniques, bone material was simply disposed 
between the adjacent vertebrae, typically at the poste- 
rior aspect of the vertebrae, and the spinal column was 
stabilized by way of a plate or a rod spanning the affect- 
ed vertebrae. With this technique once fusion occurred 
the hardware used to maintain the stability of the seg- 
ment became superfluous. Moreover, the surgical pro- 
cedures necessary to implant a rod or plate to stabilize 
the level during fusion were frequently lengthy and in- 
volved. 

It was therefore determined that a more optimum 
solution to the stabilization of an excised disc space is 
to fuse the vertebrae between their respective end- 
plates, most optimally without the need for anterior or 
posterior plating. There have been an extensive number 
of attempts to develop an acceptable intradiscal implant 
that could be used to replace a damaged disc and yet 
maintain the stability of the disc Interspace between the 
adjacent vertebrae, at least until complete arthrodesis 
is achieved. These "interbody fusion devices* have tak- 
en many forms. For example, one of the more prevalent 
designs takes the form of a cylindrical implant. These 
types of implants are represented by the patents to Bag- 
by. No. 4.501.269; Brantigan. No. 4.878.915; Ray. Nos. 



4.961.740 and 5.055.104; and Michetson. No. 
5.015.247. In these cylindrical implants, the exterior por- 
tion of the cylinder can be threaded to facilitate insertion 
of the interbody fusion device, as represented by the 
5 Ray, Brantigan and Michelson patents. In the alterna- 
tive, some of the fusion implants are designed to be 
pounded into the intradiscal space and the vertebral 
endplates. These types of devices are represented by 
the patents to Brantigan, Nos. 4,743.256; 4,834.757 and 

10 5.192,327. 

In each of the above listed patents, the transverse 
cross section of the implant is constant throughout its 
length and is typically in the form of a right circular cyl- 
inder. Other implants have been developed for interbody 

15 fusion that do not have a constant cross section. For 
Instance, the patent to McKenna. No. 4,714.469 shows 
a hemispherical implant with elongated protuberances 
that project into the vertebral endplate. The patent to 
Kuntz, No. 4,714,469, shows a bullet shaped prosthesis 

20 configured to optimize a friction fit between the prosthe- 
sis and the adjacent vertebral bodies. Finally, the im- 
plant of Bagby, No. 4,936,848 is in the form of a sphere 
which is preferably positioned between the centrums of 
the adjacent vertebrae. 

2S Interbody fusion devices can be geiierally divided 
into two basic categories, namely solid iriiplants|and im- 
plants that are designed to permit bone ingrowth. Solid 
implants are represented by U.S. Patent Nos. 
4,878.915; 4.743.256; 4.349.921 and 4.714.469. The 

30 remaining patents discussed above Include some as- 
pect that permits bone to grow across the implant. It has 
been found that devices that pronrxite natural bone In- 
growth achieve a more rapid and stable arthrodesis. The 
device depicted In the Michelson patent Is representa- 

35 tive of this type of hollow implant which Is typically filled 
with autologous bone prior to insertion into the intradis- 
cal space. This implant includes a plurality of circular 
apertures which communicate with the hollow Interior of 
the implant, thereby providing a path for tissue growth 

40 between the vertebral endplates and the bone or bone 
substitute within the implant. In preparing the intradiscal 
space, the endplates are preferably reduced to bleeding 
bone to facilitate this tissue ingrowth. During fusion, the 
metal structure provided by the Michelson implant helps 

45 maintain the patency and stability of the nriotion segment 
to be fused. In addition, once arthrodesis occurs, the 
implant itself serves as a sort of anchor for the solid bony 
mass. . 

A number of difficulties still remain with the many 
50 interbody fusion devices currently available. While It is 
recognized that hollow implants that permit bone in- 
growth Into bone or bone substitute within the implant Is 
an optimum technique for achieving fusion, most of the 
prior art devices have difficulty In achieving this fusion. 
55 at least without the aid of some additional stabilizing de- 
vice, such as a rod or ptate. Moreover, some of these 
devices are not structurally strong enough to support the 
heavy loads and bending moments applied at the most 
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frequently fused vertebral levels, namely those in the 
lower lumbar spine. 

There has been a need for providing an interbody 
fusion device that optimizes the bone ingrowth capabil- 
ities but is still strong enough to support the spine seg- 
ment until arthrodesis occurs. It has been found by the 
present inventors that openings into a hollow implant for 
bone ingrowth play an important role in avoiding stress 
shielding of the autologous bone impacted within the im- 
plant. In other words, it the ingrowth openings are im- 
properly sized or configured, the autologous bone will 
not endure the loading that is typically found to be nec- 
essary to ensure rapid and complete fusion. In this in- 
stance, the bone impacted within the implant may resorb 
or evolve into simply fibrous tissue, rather than a bony 
fusion mass, wh^ch leads to a generally unstable: con- 
struction. On the other hand, the bone ingrowth open- 
ings must not be so extensive that the cage provides 
insufficient support to avoid subsidence into the adja- 
cent vertebrae. 

Another problem that is not addressed by the above 
prior devices concerns maintaining or restoring the nor- 
mal anatomy of the fused spinal segment. Naturally, 
once the disc is removed, the normal lordotic or kyphotic 
curvature of the spine is eliminated. With the prior de- 
vices, the need to restore this curvature is neglected. 
For example, in one type of commercial device, the BAK 
device of SpineTech, as represented by the patent to 
Bagby. No. 4,501 ,269. the adjacent vertebral bodies are 
reamed with a cylindrical reamer that fits the particular 
implant. In some cases, the normal curvature is estab- 
lished prior to reaming and then the implant inserted. 
This (ype ofjconstruct is illustrated in FIG. 1 which re- 
veals the defDth of penetration of the cylindrical implant 
into the generally healthy vertebrae adjacent the instru- 
mented discal space. However, this over-reaming of the 
posterior portion is generally not well accepted because 
of the removal of load bearing bone of the vertebrae, 
and because it is typically difficult to ream through the 
posterior portion of the lower lumbar segment where the 
lordosis is greatest. In most cases using implants of this 
type, no effort is made to restore the lordotic curvature, 
so that the cylindrical implant is likely to cause a kyphotic 
deformity as the vertebra settles around the implant. 
This phenomenon can often lead to revision surgeries 
because the spine becomes imbalanced. 

In view of these limitations of the prior devices, there 
remains a need for an interbody fusion device that can 
optimize bone ingrowth while still maintaining its 
strength and stability. There is further a need for such 
an implant that is capable of maintaining or restoring the 
normal spinal anatomy at the instrumented segment. 
This implant must be strong enough to support and with- 
stand the heavy loads generated on the spine at the in- 
strumented level, while remaining stable throughout the 
duration. 



SUMMARY OF THE INVENTION 

In response to the needs still left unresolved by the 
prior devices, the present invention contemplates a hol- 
5 low threaded intertx>dy fusion device configured to re- 
store the_ normal angular relation between adjacent ver- 
tebrae. In particular, the device includes an elongated 
body, tapered along substantially its entire length, de- 
fining a hollow interior and having an outer diameter 
TO greater than the size of the space between the adjacent 
vertebrae. The body includes an outer surface with op- 
posite tapered cylindrical portions and a pair of opposite 
flat tapered side surfaces between the cylindrical por- 
tions. Thus, at an end view, the fusion device gives the 

f5 appearance of a cylindrical body in which the sides of 
thejsqdy have been truncated along a chord o( the 
body's outer diameter; The^'cytindrical portions are 
threaded for controlled Insertion and engagement into 
the endplates of the adjacent vertebrae. 

20 In another aspect of the invention, the outer surface 
is tapered along its length at an angle corresponding, in 
one embodiment, to the normal lordotic angle of lower 
lumbar vertebrae. The outer surface is also provided 
with a number of vascularization openings defined in the 

25 flat side surfaces, and a pair of elongated opposite bone 
ingrowth slots defined in the cylindrical portions. The 
bone ingrowth slots have a transverse width that is pref- 
erably about half of the effective width of the cylindrical 
portions within which the slots are defined. 

30 In another embodiment, the interbody fusion device 
retains the same tapered configuration of the above em- 
bodiment, along with the truncated side walls and inter- 
rupted external threads. However, in this embodiment, 
the implant is not hollow but is instead solid. Bone in- 

35 growth is achieved by forming the solid tapered implant 
of a porous high strength material that permits bone in- 
growth into interconnected pores while retaining suffi- 
cient material for structural stability in situ. In one pre- 
ferred embodiment, the material is porous tantalum. 

40 A driving tool is provided for inserting the fusion de- 
vice within the intradiscal space. In one feature, the driv- 
ing tool includes a shaft having a pair of opposite ta- 
pered tongs situated at one end. The tongs are connect- 
ed to the shaft by way of a hinge slot that biases the 

4S tongs apart to receive a fusion device therebetween. 
The driving tool is further provided with a sleeve con- 
centrically disposed about the shaft and configured to 
slide along the shaft and compress the hinge to push 
the tongs together to grip the fusion device. Alternative- 

50 jy, an internal expanding collet may be used to internally 
hold the fusion device securely during insertion. 

In one aspect of the driving tool, the tapered tongs 
have an outer surface that takes on the. form of the ta- 
pered cylindrical portions of the fusion device. The tongs 

55 also have a flat inward facing surface to correspond to 
the flat side surfaces of the fusion device. Thus, when 
the tongs are compressed against the fusion device, the 
inward facing surfaces of the tongs contact the flat sides 
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ot the fusion device and the outer surface of the tongs 
complete the conical form of the fusion device to facili- 
tate screw-in insertion. The inward facing surface of the 
tongs nnay also be provided with projections to engage 
openings in the fusion device to pernnit driving and ro- 
tation of the'device within the intradiscal space. 

In another aspect of the invention, methods are pro- 
vided for implanting the fusion device between adjacent 
vertebrae. In one method, the approach is anterior and 
includes the steps of dilating the disc space and drilling 
the endplates of the adjacent vertebrae to the minor di- 
ameter of the fusion device threads. A sleeve is inserted 
. to provide a working channel for the drilling step and the 
subsequent step of implanting the fusion device. The Im- 
plant is engaged with the driving tool, inserted through 
the sleeve and threaded into the prepared bore. The 
depth of insertion of the tapered fusion device deter- 
mines the amount of angular separation achieved for the 
adjacent vertebrae. 

In another inventive method, the insertion site is 
prepared posteriorly, namely the disc space is dilated 
and a minor diameter hole is drilled into the vertebral 
endplates. A sleeve is also arranged to provide a work- 
ing channel for the drilling and insertion steps. The fu- 
sion device is inserted into the drilled hole with the flat 
side walls facing the adjacent vertebra. The device Is 
then rotated so that the external threads on the cylindri- 
cal portion cut Into and engage the adjacent vertebrae. 
In addition, since the fusion device is tapered, the ta- 
pered outer surface of the device will angularly separate 
the adjacent vertebrae to restore the nonmal anatomic 
lordosis. 

DESCRIPTION OF THE FIGURES 

FIG. 1 is a side-ele vat ional view in the sagittal plane 
of a fusion device of the prior art. 

FIG. 2 Is an enlarged perspective view of an Inter- 
body fusion device according to one embodiment of the 
present Invention. 

FIG. 3 is a side cross -sectional view of the interbody 
fusion device shown in FIG. 2, taken along line 3-3 as 
viewed in the direction of the arrows. 

FIG. 4 is an end elevational view from the anterior 
end of the interbody fusion device shown in FIG. 2. 

FIG. 5 is a top-elevat ional view ot the intertxjdy fu- 
sion device shown in FIG. 2. 

FIG. 6 is an A-P lateral view from the anterior aspect 
of the spine showing two interbody fusion devices ac- 
cording to FIG. 2 implanted within the interbody space 
between L4 and L5. 

FIG. 7 is a sagittal plane vievv of the interbody fusion 
device Implanted between L4 and L5,!shpwn jn FIG. 6. 

FIG. 8 is a perspective view of an alternative em- 
bodiment of the interbody fusion device according to the 
present invention. 

FIG. 8 A is a perspective view of another embodi- 
ment of a tapered interbody fusion device a«;ording to 



the present invention. 

FIG. 9 is a top-elevat ional view of an implant driver 
according to another aspect of the present invention. 

FIG. 10 is an enlarged perspective view of the end 
s of the implant driver engaged about an interbody fusion 
device, as depicted in FIG. 2. 

FIG. 11 is an enlarged partial side cross-sectional 
view showing the implant driver engaging the interbody 
fusion device, as shown In FIG. 10. 
10 FIG. 12 is an enlarged partial side cross -sect ional 
view showing an implant driver of an alternative embod- 
iment adapted for engaging the interbody fusion device 
10. 

FIGS. 13(a) - 13(d) show four steps of a method in 
15 accordance with one aspect of the invention for implant- 
ing the Interbody fusion device, such as the device 
shown in FIG. 2. 

FIGS. 14(a) - 14(d) depict steps of an alternative 
method for Implanting the interbody fusion device, such 
20 as the device shown in FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

25 For the purposes of promoting an understanding of 
the principles of the invention, refererjce willj now be 
made to the embodiments Illustrated in the drawings 
and specific language will be used to describe the same. 
It will nevertheless be understood that no limitation of 

30 the scope of the invention is thereby intended, such al- 
terations and further modifications in the illustrated de- 
vice, and such further applications of the principles of 
the invention as illustrated therein being contemplated 
as would normally occur to one skilled in the art to which 

35 the invention relates. 

An interbody fusion device 10 in accordance with 
one aspect of the present invention is shown in FIGS. 
2-5. The device is formed by a solid conical body 11, 
that is preferably formed of a biocompatible or inert ma- 

40 terial. For example, the body 11 can be made of a med- 
ical grade stainless steel or titanium, or other suitable 
material having adequate strength characteristics set 
forth herein. The device may also be composed of a bio- 
compatible porous material, such as porous tantalum 

45 provided by Implex Corp. For purposes of reference, the 
device 1 0 has an anterior end 1 2 and a posterior end 
1 3, wh ich correspond to the anatomic position of the de- 
vice 10 when implanted in the intradiscal space. The 
conical body 11 defines a hollow interior 15 whk;h is 

so bounded by a body wall 16 and closed at the posterior 
end 1 3 by an end wall 1 7 (see FIG. 3). The hollow interior 
15 of the device 10 is configured to receive autograft 
bone or a bone substitute nnaterial adapted to promote 
a solid fusion between adjacent vertebrae and across 

55 the intradiscal space. 

In accordance with the invention, the interbody fu- 
sion device 10 is a threaded device configured to be 
screw threaded Into the endplates of the adjacent ver- 
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tebrae. In one embodiment of the invention, the conical 
body 11 defines a series oi interrupted external threads 
18 and a complete thread 19 at the leading end of the 
implant. The complete thread 19 serves as a "starter" 
thread for screwing the implant into the vertebral end- 
plates at the intradiscal space. The threads 18 and 19 
can take several forms known iii the art for engagement 
into vertebral bone. For instance, the threads can have 
a triangular cross-section or a truncated triangular 
cross-section. Preferably, the threads have a height of 
1 .0 mm (.039 in) in order to provide adequate purchase 
in the vertebral bone so that the fusion device 10 is not 
driven out of the intradiscal space by the high loads ex- 
perienced by the spine. The thread pitch in certain spe- 
cific embodiments can be 2.3 mm (0.091 in) or 3.0 mm 
(0.118 in), depending upon the vertebral level at which 
the device 10 is to be implanted and the amount of 
thread engagement necessary to hold the implant in po- 
sition. 

In one aspect of the invention, the conical body 11, 
and particularly the body wall 16, includes parallel trun- 
cated side walls 22, shown most clearly in FIG. 4. The 
side walls are preferably flat to facilitate insertion of the 
fusion device between the endplates of adjacent verte- 
brae and provide area between for bony fusion. The 
truncated side walls extend from the anterior end 12 of 
the device up to the complete threads 1 9 at the posterior 
end 13. Thus, with the truncated side walls 22."the de- 
vice 10 gives the appearance at its end view of an in- 
complete circle in which the sides are cut across a chord 
of the circle. In one specific example, the interbody fu- 
sion device 1 0 has a diameter at its anterior end of 1 6.0 
mm jo. 630 ri). In this specific embodiment, the truncat- 
ed side walls 22 are formed along parallel chord lines 
approximately 12.0 mm (0.472 in) apart, so that the re- 
moved arc portion of the circle roughly subtends 90° at 
each side of the device. Other benefits and advantages 
provided by the truncated side walls 22 of the fusion de- 
vice 10 will be described in nrore detail herein. 

The conical body 1 1 of the device 1 0 includes a pair 
of vascularization openings 24 and 25 defined through 
each of the truncated side walls 22. These openings 24 
and 25 are adapted to be oriented in a lateral direction 
or facing the sagittal plane when the fusion device is 
implanted within the intradiscal space. The openings are 
intended to provide a passageway for vascularization to 
occur between the bone implant material within the hoi- 
low interior 15 and the surrounding tissue. In addition, 
some bone ingrowth may also occur through these 
openings. The openings 24 and 25 have been sized to 
provide optimum passage for vascularization to occur, 
while still retaining a significant amount of structure in 
the conical body 1 1 to support the high axial loads pass- 
ing across the intradiscal space between adjacent ver- 
tebrae. 

The conical body 11 also defines opposite bone in- 
growth slots 27, each of which are oriented at 90" to the 
truncated side walls 22. Preferably, these slots 27 are 



directly adjacent the vertebral endplates when the de- 
vice 10 is implanted. More particularly as the threads 
18 and 19 of the device are screwed into the vertebral 
endplates, the vertebral bone will extend partially into 
5 the slots 27 to contact bone implant material contained 
within the hollow interior 15 of the device 10. As shown 
more clearly in FIG. 5, the bone ingrowth slots 27 are 
configured to provide maximum opening for bone in- 
growth, in order to ensure complete arthrodesis and a 
10 solid fusion. Preferably the slots have a lateral width 
that approximates the effective width of the threaded 
portions of the body. It has been found that the prior de- 
vices which utilize a plurality of small apertures do not 
promote a rapid and solid arthrodesis of the bone ma- 

15 terial. Instead, the smaller apertures often lead to pseu- 
do-arthrosis and the generation of fibrous tissue. Since 
the bone ingrowth slots 27 of the present invention are 
directly facing the vertebrae, they are not situated In a 
portion of the device that must bear high loads. Instead, 

20 the truncated side walls 22 will bear most of the load 
passing between the vertebral endplates through the in- 
terrupted threads 18 and across the intradiscal space. 

In a further feature, the anterior end 12 of the body 
wall 16 can define a pair of. diametrically opposed notch- 

■25 es 29, which are configured to engage an implant driver 
tool as described herein. Moreover, the end wall 17 at 
the posterior end 1 3 of the implant can be provided with 
' a tool engagernent feature. (not shown). For example, a 
hex recess can be provided td^ccommpdate a hex driv- 

30 er tool, as described further herein. 

In one important feature of the interbody fusion de- 
vice of the present invention, the body 11 includes a ta- 
pered or conical form. In other words, the outer diameter 
of the device at its anterior end 1 2 is larger than the outer 

35 diameter at the posterior end 1 3. As depicted in FIG. 3, 
the body wall 1 6 tapers at an angle A about the center- 
line CL of the device 10. The taper of the body wait 16 
is adapted to restore the normal relative angle between 
adjacent vertebrae. For example, in the lumbar region, 

40 the angle A is adapted to restore the normal lordotic an- 
gle and curvature of the spine in that region. In one spe- 
cific example, the angle A is 8.794**. It is understood that 
the implant may have non-tapered portbns, provided 
that the portions do not otherwise interfere with the f unc- 

45 tion of the tapered body. 

The taper angle A of the implant, coupled with the 
outer diameter at the anterior and posterior ends of the 
fusion device 10, define the amount of angular spread- 
ing that will occur between the adjacent vertebrae as the 

50 implant is placed or screwed into position. This feature 
is depicted more clearly in FIGS. 6 and 7 in which a pre- 
ferred construct employing a pair of fusion devices 10 
is shown. In the depicted construct, thc^ devices 10 arc 
disposed between the lower lumbar vertebrae L4 and 

55 L5, with the threads 18 and 19 threaded into the end- 
plates E of the two vertebrae. As shown in FIG. 7, as 
the device 10 is threaded into the endplates E, it advanc- 
es in the direction of the arrow I toward the pivot axis P 
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of the vertebral level. The pivot axis P is nominally the 
center of relf^tive rotation between the adjacent verte- 
brae of the motion segment. As the tapered fusion de- 
vice 10 is driven further in the direction of the arrow I 
toward the pivot axis P. the adjacent vertebrae L4 and 
L5 are angufarly spread in the direction of the arrows S. 
Depth of insertion of the fusion device 1 0 will determine 
the ultimate lordotic angle L achieved between the two 
vertebrae. 

In specific embodiments of the Implant 10, the outer 
diameter or thread crest diameter at the anterior end 1 2 
can be 16, 18 or 20 mm, and the overall length of the 
device 26 mm. The sizing of the device is driven by the 
vertebral level into which the device is implanted and 
the amount of angle that must be developed. 

In another aspect ot the invention, device 1 0 is sized 
so that two such cylindrical bodies 11 can be implanted 
into a single disc space, as shown in FIG. 6. This permits 
the placement of additional bone graft material between 
and around the devices 10 in situ. This aspect further 
promotes fusion across the intradiscal space and also 
serves to more firmly anchor the devices between the 
adjacent vertebrae to prevent expulsion due to the high 
axial toads at the particular vertebral level. 

In one specific embodiment of the interbody fusion 
device 10, the vascularization opening 24 is generally 
rectangular iii shape having dimensions of 6.0 mm 
(0.236 in) by 7.0 mm (0.276 in). Similarly, the vascular- 
ization opening 25 is rectangular with dimensions of 4.0 
mm (0. 1 57 In) by 5.0 mm (0. 1 97 in). Naturally, this open- 
ing is smaller because It is disposed at the smaller pos- 
terior end 1 3 of the device 1 0. The bone ingrowth slots 
27 are also rectangular in shape with a long dimension 
of 20.0 mm (0.787 in) and a width of 6.0 mm (0.236 in). 
It has been found that these dimensions of the vascu- 
larization openings 24, 25 and slots 27 provide optimum 
bone ingrowth and vascularization. In addition, these 
openings are not so large that they compromise the 
structural integrity of the device or that they permit the 
bone graft material contained within the hollow interior 
15 to be easily expelled during implantation. 

As can be seen in FIG. 7, when the device is in po- 
sition between the L4 and L5 vertebrae, the vasculari- 
zation openings 24 and 25 are side facing to contact the 
highly vascularized tissue surrounding the vertebrae. In 
addition, as can be seen In FIG. 6, the bone ingrowth 
slots 27 are axially directed so that they contact the ver- 
tebral endplates E. 

In an alternative embodiment of the invention, 
shown in FIG. B, an interbody fusion device 30 is fonnried 
of a conical body 31 . The tKxfy wall 34 defines a hollow 
interior 33 as with the fusion device 10 of the previous 
embodiment. However, in this embodiment the truncat- 
ed side wall 38 does not include any vascularization 
openings. Moreover, the bone ingrowth slots 39 on op- 
posite sides of the device 30 are smaller. This means 
that the interrupted threads 36 on the exterior of the de- 
vice 30 extenda greater length around the implant.'Such 



a design could be utilized if a porous material (e.g., po- 
rous tantalum) were used to provide additional surface 
area for tissue ingrowth and anchorage to the adjacent 
bone. Also, this interbody fusion device 30 of the em- 
5 bodlment shown in FIG. 8 can have application at cer- 
tain vertebral levels where the risk of expulsion of the 
device is greatest. Consequently, the amount of thread 
contact is increased to prevent such expulsion. Prior to 
insertion, the hollow Interior 15 of the fusion device 10 

10 is filled completely with bone or substitute to facilitate 
this pre-loading. 

In a further embodiment using a porous material, 
the interbody fusion device 110 of FIG. 8A retains the 
tapered configuration of the previous embodiments, but 

'5 is solid instead of hollow. The device 110 comprises a 
tapered body 111 having a larger outer diameter at its 
anterior end 1 1 2 than at its posterior end 1 1 3. The entire 
body 111 is solid leaving a closed surface, such as sur- 
face 115. at both ends of the implant. The device tn- 

20 eludes the interrupted threads 118, starter threads 119 
and truncated side walls 122 of the prior embodiments. 
A driving tool slot 129 can also be defined in the end 
surface 115. Alternatively, the starter threads 119 can 
be eliminated leaving an unthreaded cylindrical portion 

2S at the posterior end of the implant. Similarly, the driving 
tool slot 1 29 take on many configuration* deperjding up- 
on the design of the tool used to insert the device 110 
Into the intradiscal space. 

The benefits of the embodiment of the fusion device 

30 shown in FIG. 8A are especially appreciated by the use 
of a porous, high strength material to form the solid body 
111 . In the preferred embodiment, this material is a po- 
rous tantalum-carbon composite marketed by Implex 
Corp. under the tradename HEDROCEL® and de- 

35 scribed in U.S. Patent No, 5.282,861 to Kaplan, which 
description is Incorporated herein by reference. Due to 
the nature of the HEDROCEL® material, the entire ex- 
terior surface of the solid body 111 includes pores 130 
that are interconnected throughout the body The sub- 

40 strate of the HEDROCEL® carbon-tantalum composite 
is a skeleton of vitreous cartran, or a reticulated open 
cell carbon foam, which defines a network of intercon- 
necting pores. The substrate is infiltrated with a vapor- 
deposlted thin film of tantalum. 

^5 HEDROCEL® is preferred because it proyides the 
advantages of both metal and ceramic Implants without 
the corresponding disadvantages. HEDROCEL® is well 
suited for the Interbody fusran device of the present In- 
vention because It mimics the structure of bone and has 

50 a modulus of elasticity that approximates that of human 
bone. The interconnected porosity encourages bone in- 
growth and eliminates dead ends which limit vasculari- 
zation of the bone. The infiltrated metal film provides 
strength and stiffness without significant weight in- 

55 crease. A HEDROCEL® Implant is sufficiently strong to 
maintain the intervertebral space and normal curvature 
of the spine at the instrumented motion segment. At the 
same time, stress shielding is avoided. This composite 
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material is also advantageous because it eliminates the 
need for allografts or autografts. 

One additional advantage of this material is that it 
does not undergo resorption. This prevents early deg- 
radation which can inhibit bone regeneratbn. A non-re- 
sorbable implant is also beneficial where complete bone 
ingrowth may not be achieved. Disadvantages of per- 
manent, non- resorbable implants, however, are avoided 
because of the excellent blocompatibility and osteocon- 
ductivity of the composite. 

. While HEDROCEL® is preferred, it is contemplated 
that any suitable high strength porous material may be 
used. Other open-celled substrates and metals are con- 
templated. For example, the substrate may be other car- 
bonaceous materials, such as graphite, or ceramics, 
such as tricalcium phosphate or calcium aluminate. Any 
suitable metal is contemplated, but Group VB elements, 
such as tantalurn and niobium, and their alloys, are pre- 
ferred. Tantalum is particularly preferred for Its good me- 
chanical properties and biocompatibilily. 

The interbody fusion device 10 can be implanted 
using an implant driver 50. shown in FIG. 9, according 
to one aspect of the invention. The Implant driver 50 Is 
comprised of a shaft 51 and sleeve 52 concentrically dis- 
posed about the shaft. Tongs 54 are formed at one end 
of the shaft for gripping the Interbody fusion device 10 
for implantation. The tongs include a tapered outer sur- 
face 55 and an opposite flat inner surface 56 adapted 
to engage the truncated side walls 22 of the interbody 
fusion device. The tapered outer surface 55 conforms 
to the root diameter of the Interrupted threads 1 8 so that 
the tongs 54 essentially complete the full cylindrical 
shap^ of thJ body wall 16. The adaptation of the tong's 
tapered outer surface 55 facilitates screw insertion of 
the interbody fusion.device 10 since the outer surface 
55 will ride within the tapped bore in the vertebral end- 
plates. 

Each of the tongs is provided with interlocking fin- 
gers 58 and a driving projection 59 extending from the 
inner surface 56. The function of these components is 
shown more clearly with reference to FIG. 11 . Referring 
first to FIG. 9, the shaft 51 defines a hinge slot 62 sup- 
porting each of the pair of tongs 54. The hinge slot 62 
is configured so that the tongs will have a naturally bi- 
ased position spread sufficiently apart to accept the ta- 
pered interbody fusion device 10 therebetween. The 
shaft 51 defines a conical taper 63 between the hinged 
slot 62 and each of the tongs 54. This conical taper 
mates with a conical chamfer 67 defined on the Inner 
wall of the sleeve 52. Thus, as the sleeve 52 is advanced 
toward the tongs 54, the conical chamfer 67 rides 
against the conical taper 63 to close or compress the 
hinge slot 62. In this manner, the tongs 54 are pushed 
toward each other and pressed Into gripping engage- 
ment with the interbody fusion device situated between 
the tongs. 

The shaft 51 and sleeve 52 are provided with a 
threaded interface 65 which permits the sleeve 52 to be 



threaded up and down the length of the shaft. Specifi- 
cally, the threaded interface 65 includes external 
threads on the shaft 51 and internal threads on the 
sleeve 52 having the same pitch so that the sleeve can 
5 be readily moved up and down the implant driver 50. 
The shaft 51 is also provided with a pair of stops 69 
which restrict the backward movement of the sleeve 52 
to only the extent necessary to allow the tongs 54 to sep- 
arate a sufficient distance to accept the Interbody fusion 
10 device 10. 

The use of the implant driver 50 is shown with ref- 
erence to FIGS. 10 and 11. As can be seen in FIG. 10, 
the outer surface 55 of the tongs 54 reside generally 
flush with the root diameter of the interrupted threads 
^5 18. As seen in FIG. 11. the interlocking fingers 58 can 
be arranged to fit within the vascularization opening 24 
on each of the truncated side walls 22. In a similar fash- 
ion, the driving projections 59 engage the driving tool 
slots 29 at the anterior end 12 of the conical body 11. 
20 The combination of the Interlocking fingers 58 and driv- 
ing projections 59 firmly engage the Interbody fusion de- 
vice 1 0 so that the device can be screw threaded into a 
tapped or untapped opening in the vertebral bone. 

An altemative embodiment of the Implant driver is 
2S shown In FIG. 1 2. The driver 90 Includes a shaft 91 . hav- 
ing a length sufficient to reach into the Intradiscal space 
from outside the patient. Connected to the end of shaft 
91 is a head which defines a pair of opposite tongs 93, 
each of which are configured for flush contact with the 
30 flat truncated side walls 22 of the fusion device 10. Like 
the tongs 54 of the previously described implant driver 
50, the outer surface of the tongs Is cylindrical to corre- 
spond to the cylindrical threaded portion of the device. 
Unlike the implant driver 50, the driver 90 of the em- 
35 bodiment In FIG. 1 2 uses an expanding collet assembly 
to firmly grip the fusion device 10 for Insertion into the 
body. Specifically, the head 92 defines a collet 94 having 
a central collet bore 95 formed therethrough. The collet 
94 terminates in an annular flange 96 that at least initially 
40 has a diameter slightly smaller than the inner diameter 
of the fusion device 1 0 at its end 1 2. An expander shaft 
97 slidably extends through the collet bore and includes 
a flared tip 98 situated adjacent and extending just be- 
yond the annular flange 96. The flared tip 98 of the ex- 
45 pander shaft 97 starts at a diameter sized to slide within 
the collet bore 95 and gradually flares to a diameter larg- 
er than the bore. 

The implant driver 90 includes a puller shaft 99 sli- 
dably disposed within a bore 1 00 defined in the shaft 91 . 
so The puller shaft 99 has a locking chamber 1 01 at Its end 
which engages a locking hub 102 formed at the end of 
the expander shaft 97. The puller shaft 99 projects be- 
yond the end of shaft 91 for access by the surgeon. 
When the puller shaft 99 Is pulled, it pulls the expander 
55 shaft 97 away from the annular flange 96 of the collet 
94 so that the flared tip 98 becomes progressively en- 
gaged within the collet bore 95. As the tip 98 advances 
further into the bore 95. the annular flange 96 expands 
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from its initial diameter to a larger second diameter sut- 
ficient for firm gripping contact with the interior of the 
fusion device 10. With the fusion device so engaged, 
the implant driver can be used to insert the device 10 
into the surgical site, after which the expander shaft can 
be advanced beyond the collet bore to release the flared 
tip and, consequently, the fusion device. 

In accordance with the present invention, two meth- 
ods lor implanting the interbody fusion device 10 are 
contemplated. First, with reference to FIGS. I2(a)-12 
(d), an anterior approach is shown. As a preliminary 
step, it is necessary to locate appropriate starting points 
for implanting the fusion device, preferably bilaterally. In 
the first step of the anterior approach, a dilator 75 is dis- 
posed between the vertebral endplates E to dilate the 
disc space between the L4 and L5 vertebrae. (It is un- 
derstood, of course, that this procedure can be applied 
at other vertebral levels). In the second step, shown in 
FIG. 1 2(b), an outer sleeve 76 is disposed about the disc 
space. The outer sleeve 76 can be of a known design 
that is configured to positively engage the anterior as- 
pect of the vertebral bodies to firmly, but temporarily, an- 
chor the outer sleeve 76 in position. In essence, this out- 
er sleeve 76 operates as a working channel for this 
laproscopic-type approach. In this step of FIG. 12(b), a 
drill 77 of known design is extended through the outer 
sleeve and used to drill out circular openings. in the ad- 
jacent vertebral bodies. The openings can be tapped to 
facilitate screw insertion of the fusion device, although 
this step is not necessary. 

In the next step shown in FIG. 12(c). the fusion de- 
vice 10 is engaged by the implant driver 50 and extend- 
ed through the outer sleeve 76 until the starter thread 
1 9 contacts the bone opening. The implant driver 50 can 
then be used to screw thread the fusion device into the 
tapped or untapped opening formed in the vertebral 
endplate E. It is understood that in this step, other suit- 
able driving tools could be used, such as a screw driver 
type device to engage the driving tool slots 29 at the 
anterior end 1 2 of the device 1 0. As discussed previous- 
ly, the degree of insertion of the fusion device 10 deter- 
mines the amount of lordosis added or restored to the 
vertebral level. In the final step, the implant driver is re- 
nnoved leaving the fusion device 1 0 in position. It can be 
seen that once implanted, the closed end wall 17 is di- 
rected toward the posterior aspect of the vertebrae. The 
hollow interior 15 is open at its anterior end, but can be 
closed by a plastic or metal material, il necessary. 

In a second inventive method, as depicted in FIGS. 
13(a)-13(d), a posterior approach is implemented. The 
first two steps of the posterior approach are similar to 
that of the prior anterior approach, except that the dilator 
75, outer sleeve 76 and drill 77 are introduced posteri- 
orly into the instrumented region. This approach may re- 
quire decortication and removal of vertebral bone to ac- 
cept the outer sleeve 76. In the third step of this method, 
the fusion device 1 0 is inserted through the outer sleeve 
76 into the dilated disc space. It is understodd that the 



disc space is dilated only to the extent necessary to re- 
ceive the implant with the truncated side walls 22 directly 
facing the vertebral endplates E. Thus, as shown In FIG. 
1 3(c), the bone ingrowth slot 27 is facing laterally, rather 

5 than coronally, as expected for its final implanted posi- 
tion. A suitable driving tool 80 can be provided to project 
the fusion device 10 through the outer sleeve 76 and 
into the rntradiscal space. In one embodiment, the driv- 
ing tool 80 includes a projection 81 which is configured 

TO to engage a slot opening formed in the end wall 17 at 
the posterior end 1 3 of the fusion device 10. An internal 
thread (not shown) can be used to fix the device 10 to 
the driver 80. 

Once the fusion device 10 has been advanced into 

IS the intradiscal space to the appropriate depth relative to 
the pivot axis P of the vertebrae, the driving tool 80 is 
used to rotate the implant in the direction of the rotational 
arrow R in FIG. 13(c). As the driving tool 80 is rotated, 
the device itself rotates so that the interrupted threads 

20 18 start cutting into the vertebral bone at the endplates 
E. In this manner, the implant operates as a cam to sep- 
arate the adjacent vertebrae in the direction of the 
spreading direction arrows S in FIG. 13(c). This cam- 
ming approach provides a somewhat easier insertion 

2S procedure in that a single rotation is required to lock the 
implant into the vertebral bone. In contrast, the|formerty' 
discussed screw insertion technique requires continu- 
ous threading of the device into position. 

With either technique, the position of the fusion de- 

30 vice 10 with respect to the adjacent vertebrae can be 
verified by radiograph or other suitable techniques for 
establishing the angular relationship between the verte- 
brae. Alternatively, the preferreddepthof insertion of the 
implant can be determined in advance and measured 

35 from outside the patient as the implant is positioned be- 
tween the vertebrae. 

It can be seen that the interbody fusion device 10, 
implant driver 50 and techniques of the present Inven- 
tion provide significant advantages over the prior devic- 

40 es and techniques. Specifically, the fusion device 10 
provides a hollow threaded implant that maximizes the 
potential for bony fusion between adjacent vertebrae, 
while maintaining the integrity of the implant itself. It is 
understood that the spine endures significant toads 

45 along its axial length, which loads must be supported by 
the fusion device 10 at least until solid fusion is 
achieved. The device 10 also provides means for vas- 
cularization and tissue ingrowth to occur which speeds 
up the fusion rate and enhances the strength of the re- 

50 suiting fused bony mass. Another significant aspect is 
that the tapered shape of the implant allows the su rgeon 
to restore and maintain the proper curvature or relative 
angle between vertebral bodies. This avoids the signif- 
icant problems associated with prior devices in which 

55 product deformities arise and the spine goes out of bal- 
ance. A further advantage achieved by the device and 
Its implant driver is the capability for insertion either an- 
teriorly or posteriorly using a laproscopic approach. Oe- 
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pending upon the vertebral level, either approach may 
be preferred, so it is important that the implant be adapl- 
ed for insertion from either direction. Controlled insertion 
of the device is provided by the screw-in technique used 
for anterior insertion (vs. pounding in) and for the slide- 
in and cam method used for the posterior technique. 

While the invention has been illustrated and de- 
scribed in detail in the drawings and foregoing descrip- 
tion, the same is to be considered as illustrative and not 
restrictive in character, it being understood that only the 
preferred embodiment has been shown and described 
and that all changes and modifications that come within 
the spirit of the invention are desired to be protected. 
For example, while the device 10 has been disclosed 
for use in the spine, the structure and procedures of the 
present invention can also be used in other joint spaces, 
such as the ankle, wrist and subtalar joints. Moreover, 
while the device 10 of the preferred embodiment is 
shown tapered along its entire length, it is contemplated 
that a non-tapered or reverse tapered section can be 
added with the resulting device still falling within the 
scope of the invention. 
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1 . A fusion device for facilitating arthrodesis in the disc 
space between adjacent vertebrae, comprising: 

an elongated body having a length, a first end 30 
and a second end, and a first diameter at said 
first end sized to be greater than the space be- 
I twelan the adjacent vertebrae; 

said body having an outer surface with a pair 
of opposite cylindrical portions and a pair of 3S 
substantially flat opposite side walls between 
said opposite cylindrical portions, said side 
walls extending along a substantial portion of 
said length of said body; and 
external threads defined on said pair of oppo- 40 
site cylindrical portions of said outer surface 
and extending along substantially the entire 
length of said body. 

2. The fusion device according to claim 1, wherein 45 
said body is tapered along a substantial portion of 
said length and includes a second diameter at said 
second end thereof that is greater than said first di- 
ameter. 

50 

3. The fusion device of claim 1 or claim 2, wherein said 
flat side walls terminate near said first end, and said 
cylindrical portions and said threads are interrupted 
by said side walls and circumferentlally continuous 
thereafter at said first end. ss 

4. The fusion device of any preceding claim, wherein 
said flat side walls terminate at said second end. 



5. The fusion device of any preceding claim, wherein 
said opposite side walls each define a notch at said 
second end configured to receive a driving tool for 

•implanting said device. 

6. A fusion device for facilitating arthrodesis in the disc 
space between adjacent vertebrae, comprising: 

an elongated body having a length, a first diam- 
eter at a first end and a larger second diameter 
at a second end opposite said first end, said 
first and second diameters sized to be greater 
than the space between the adjacent verte- 
brae; 

said body having an outer surface tapered from 
said first diameter to said second diameter with 
external threads defined thereon and extending 
substantially entirely along said length of said 
body. 

7. The fusion device according to any preceding claim, 
wherein said body is formed of a porous biocompat- 
ible material to permit bone tissue ingrowth into the 
device. 

8. The fusion device according to claim 7, wherein 
said material is a composite comprising an open- 
celled substrate having interconnected porosity, 
said substrate infiltrated with a metal: 

9. ' The fusion device according to claim 8, wherein 

said substrate is a carbonaceous material. 

10. The fusion device according to claim 9, wherein 
said substrate is a carbon foam. 

11. The fusion device according to anyone of claims 8 
to 10, wherein said metal is a group VB metal or an 
alloy of said group VB metal. 

12. The fusion device according to claim 11, wherein 
said metal is tantalum. 

13. The fusion device according to any one of claims 1 
to 6, wherein said body defines a hollow interior 
sized to receive bone graft material therein. 

14. The fusion device of claim 1 3 when dependant from 
any one of claims 1 to 5, further comprising a 
number of openings defined in said opposite side 
walls for communicating with said hollow interior. 

16. The fusion device of claim 13 or claim 14. further 
comprising a pair of diametrically opposed slots de- 
fined through said threads and communicating with 
said hollow interior, said opposed slots being elon- 
gated along said length of said body. 
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1 6. The fusion device of claim 1 5 when dependant back 
fronn any one of claims 1 to 5, wherein said opposed 
slots are rectangular in configuration and have a 
width dimension transverse to said length of said 
body :. and said cylindrical portions havei an effective 5 
width between said opposite side walls and said op- 
posed slots, wherein said width dimension of said 
opposed slots is greater than said effective width oi 
said cylindrical portions. 

10 

1 7. The fusion device of claim 1 5 or claim 1 6= when de- 
pendant from claim 14, wherein said opposed slots 
are larger than said number of openings. 

18. The fusion device of any one of claims 13 to 17, ^5 
wherein said second end is open to said hollow in- 
terior. 



24. The driving tool according to claim 22 or claim 23, 
wherein said tongs include a tapered surface adja- 
cent said hinge; and 

said sleeve has a tapered chamfer on an inner 
surface of said sleeve, said tapered chamfer being 
complementary with said tapered surface such that 
said tapered chamfer travels along said tapered 
surface as said sleeve is moved axially toward said 
tongs to compress said hinge. 

25. The driving tool according to any one of claims 20 
to 24, in which the fusion device has a pair of oppo- 
site slots defined in an end of the device, wherein 
said tongs include driving projections extending 
from said inward facing surface, said driving projec- 
tions configured to engage the opposite slots in the 
fusion device. 



19. The fusion device of claim 1 8, wherein said body is 
closed al said first end. 20 

20. A driving tool for implanting an interbody fusion de- 
vice in the space between adjacent vertebrae, the 
lusion device including a body having a cylindrical 
outer surface interrupted by opposite flat side walls, 25 
the outer surface having external threads defined 
thereon, said tool comprising: 

an elongated shaft; and 

a pair of opposite tongs connected to one end 30 
of said shaft by a hinge, wherein said tongs are 
biased apart relative to each other; 
each of said tongs having inward facing surfac- 
es configured to contact the opposite fiat side 
walls of the fusion device and outward facing 3S 
surfaces configured to conform to the cylindri- 
cal outer surface of the fusion device. 

21. The driving tool according to claim 20, in which the 
fusion device includes openings defined in the flat ^o 
side surfaces, wherein said inward facing surfaces 

of each of said tongs includes a finger extending 
therefrom and arranged to project into a corre- 
sponding one of the openings in the flat side surface 
of the fusion device when the inward facing surface ^5 
contacts the flat side surface. 



22. The driving tool according to claim 20 or claim 21, 
furfher comprising a sleeve concentncally disposed 
about said shaft and axially movable thereon to 
compress said hinge to push said tongs -toward 
each other, whereby said torigs grip a fusion device 
disposed between said tongs. 



so 



23. The driving tool according to claim 22. wherein said ss 
sleeve is threaded ly engaged to said shaft to move 
axially along the length of said shaft as the sleeve 
is rotated about the threaded engagement. 



26. A driving tool for implanting an intert^ody fusion de- 
vice in the space between adjacent vertebrae, the 
hollow fusion device including a body having a cy- 
lindrical inner surface and a cylindrical outer surface 
interrupted by opposite flat side wallS: the outer sur- 
face having external threads defined thereon, said 
tool comprising: . 

I i 

an elongated shaft; 

a pair of opposite tongs connected to one end 
of said shaft, wherein said tongs are disposed 
apart relative to each other to receive the op- 
posite flat side walls of the fusion device ther- 
ebetween; and 

an expanding collet assembly connected to 
said elongated shaft and having a portion ex- 
pandable from a first diameter sufficiently small 
to be disposed within the interior of the hollow 
fusion device to a larger second diameter suf- 
ficient to grip the interior of the fusion device. 

27. The driving tool according to claim 21 , wherein said 
expanding collet assembly includes; 

a head integral with said pair of. opposite tongs, 
said head defining a central bore therethrough 
and an annular flange at one end of said bore 
adjacent and interior to said tongs; and 
an expander shaft slidably disposed within said 
central bore, said expander shaft having a tip 
flared from a first diameter sufficiently small to 
slide within said central bore and a larger sec- 
ond diameter adjacent said annular flange 
when said expander shaft Is disposed within 
said central bore, 

whereby when said expander shaft is retracted 
into said central bore, said flared tip progres- 
sively expands said annular flange into en- 
gagement within the interior of the fusion de- 
vice. 
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(54) Interbody fusion device and method for restoration of normal spinal anatomy 

(57) I An interbody fusion device (10) in one embod- 
iment includes a tapered body (11 ) defining a hollow in- 
terior (15) for receiving bone graft or bone substitute ma- ^ 
terial. The body defines exterior threads (18) which are 
interrupted over portions of the outer surface of the de- 
vice. The fusion device defines truncated side walls (22) 
so that on end view the body takes on a cylindrical form. 
The side walls are provided with vascularization open- 
ings (24,25), and the body wall device includes opposite 
bone ingrowth slots (27) extending through the interrupt- 
ed thread portion of the body. In another embodiment, 
the tapered body is solid and formed of a porous bio- 
compatible material having sufficient structural integrity 
to maintain the intradlscat space and normal curvature. 
The material is preferably a porous tantalum having fully 
interconnected pores to facilitate complete bone tissue 
ingrowtii into the implant. An implant driver is provided 
which engages the truncated side walls to complete the 
cylindrical form of the implant at the root diameter of the 
interrupted threads, to thereby facilitate threaded inser- 
tion of the implant to the intradiscal space between ad- 
jacent vertebrae. Methods for posterior and anterior in- 
sertion of the fusion device are also disclosed. 
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